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▼The crosstalk among protein molecules is an important
pathway for a functional protein to take actions. The direct
physical interaction between protein molecules, through
which a functional complex is build up, is one of the major
pathways for the crosstalk. To study direct protein–protein
interactions, physical, chemical and genetic systems are
used. A major breakthrough has been made in recent years,
however. A novel in vivo method, the yeast two-hybrid sys-
tem, allows protein–protein interactions to be studied and
the interacting partners of a known protein to be screened
in the cellular microenvironment (Ref. 1–3).
The yeast two-hybrid system and its alternatives (e.g. an-
imal two-hybrid or three-hybrid systems) rely on the for-
mation of an active transcription factor such as GAL4 or
LexA (Ref. 1–3). Like many other genetic systems, an ar-
tificial reporter system such as the LacZ gene is used to
signal the assembly of the active GAL4 or LexA complex
via protein–protein interactions. However, because of the
known and unknown ‘leakage’ of the reporter, this method
sometime provides false-positive results. In order to con-
firm the results from the two-hybrid assay, alternative ap-
proaches are highly recommended in order to reach mean-
ingful conclusions. Among these, the so-called ‘GST-fusion-
protein pulling-down’ procedure is widely used to study the
postulated protein–protein interaction further (Ref. 4). This
involves expressing one of the interacting partners as a fu-
sion protein with glutathione-S-transferase (GST) and bind-
ing this to glutathione–sepharose beads; the other partner
is usually expressed by in vitro translation and labeled with
35S-Met and/or 35S-Cys.
However, the use of glutathione–sepharose bead-bound
protein to absorb the 35S-labeled product usually generates
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a high background and it is hard to be convinced that the
result is not conclusive. This might due to the use of two
highly enriched proteins, which leads to a high background
via non-specific interaction. Here, we describe a protocol to
use GST-fusion proteins to pull down interacting targets
expressed in yeast and animal cells. This protocol is based
on the routine coimmunoprecipitation technique (Ref. 5)
but replaces the antibody bound to Protein-A–agarose beads
with a GST-fusion protein bound to glutathione–sepharose
beads.
In our example, we used a GST–estrogen-receptor fusion
(GST–ER) to pull down the GAL4-transactivation domain
fused to ER (GAL4-TA–ER) expressed in the two-hybrid host
yeast strain Y190 (Clontech). This specific protein–protein
interaction was mediated through the dimerization of ER,
which had been very well studied previously using the
yeast two-hybrid system (Ref. 6). The GST–ER fusion pro-
tein was expressed in Escherichia coli and purified using
glutathione–sepharose beads using the method described
here. Its interacting partner, GAL4-TA–ER, was expressed in
yeast cells using the pACT2 expression vector (Clontech).
Because the protein expressed using pACT2 is tagged with
the hemagglutinin (HA) epitope, the GAL4-TA–ER fusion
protein can be detected using anti-HA antibody as well as
anti-GAL4 antibody; we analysed our experimental result
using both anti-HA antibody (Santa Cruz) (Fig. 1) and anti-
GAL4-TA antibody (Clontech; data not shown because the
high background generated by this antibody).
Using this method, we believed that the use of the total
cell lysate would help to eliminate the false-positive inter-
action that resulted from nonspecific absorbency; impor-
tantly, we have found that our result is consistent with
the data from other methods (i.e. yeast two-hybrid sys-
tem; Ref. 6). In addition, we tagged the protein with the
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FIGURE 1. Pulling down a fusion of the GAL4 DNA-binding domain and the estrogen receptor (ER) using the glutathione-S-transferase–ER (GST–ER)
fusion protein bound to glutathione–sepharose-4B beads. The protein samples were loaded on the SDS-PAGE gel, then transferred to a PVDF membrane
and probed with antihemagglutinin antibody. Lane 1, total lysate of the wild-type Saccharomyces cerevisiae strain Y190 yeast cells; Lane 2, total lysate of
Y190 cells expressing GAL4-TA–ER; Lane 3–8 are reaction groups A–F from Step 3 of the pulling-down assay. The total cell lysate was used for the pulling
down and was precipitated using 15% trichloracetic acid.
HA epitope, which makes the protocol still feasible when
the target is encoded by an unknown sequence cloned by
another method. This method has similar advantages to
coimmunoprecipitation: the protocol is simple, the whole
procedure is relatively fast and the result is reproducible.
Moreover, we have showed that the cell lysate can be pre-
pared directly by using the two-hybrid yeast host cells; thus,
the protein–protein interaction can be analysed by yeast
two-hybrid and the pulling-down assays at the same time.
Furthermore, our protocol is also suitable for use with GST-
fusion proteins to pull down the target protein expressed in
animal cells (e.g. COS-1 cells; the protocol for preparating
animal-cell lysate is also included here).
Protocol
The use of GST–ER to pull down the GAL4-TA–ER fusion
protein from the total cell lysate involves the preparation
of GST–ER fusion protein bound to glutathione–sepharose
beads, the preparation of cell lysate and the pulling down
itself. The following protocol describes these procedures af-
ter the construction of the required expression vectors.
Preparing the GST-fusion protein
1. On the first day, transform E. coli strain DH5α with the
pGEX2TK–ER fusion expression vector and grow on LB
agar plates with ampicillin. We found that many E. coli
strains can be used to express GST-fusion proteins as
long as the protein involved can be expressed at the
desired level.
2. On the second day, pick a single colony into 2 ml of
LB liquid medium with 100 µg ml−1 ampicillin and
culture overnight at 37◦C.
3. On the third day, transfer the 2 ml of bacterial culture
into 1 l of LB liquid medium with 100 µg ml−1 ampi-
cillin and culture overnight at 37◦C.
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4. On the fourth day, transfer the 1 l of bacterial culture
into 4 l of LB liquid medium with 100 µg ml−1 ampi-
cilline and cultured overnight at 37◦C.
5. After growing for 2–3 h and once the optical density
at 600 nm (OD600) reaches 0.8, the culture temperature
should be lowered to 30◦C and IPTG added into the
culture to 100 µM final concentration.
6. Culture the bacteria for another 3 h and then collected
by centrifugation at 5000 rpm for 10 min at 4◦C.
7. Resuspend the pellet in 40 ml of ice-cold PBS (150 mM
NaCl, 0.8 mM Na2HPO4, 1.47 mM KH2PO4) contain-
ing 1 mM PMSF, 1 mM DTT and proteinase inhibitors
(1 µg ml−1 leupeptin and 1 µg ml−1 pepstatin).
8. Disrupt the bacteria using sonication for 2 min on ice
and 1% Triton X-100.
9. Centrifug the mixture at 14 000 g for 20 min at 4◦C.
10. Collected the supernatant and store at 4◦C ready for
Step 12.
11. Prepare glutathione–sepharose-4B beads (Pharmacia
Biotech) according to the manufacturer’s instructions.
Briefly, the beads must be washed three times us-
ing ten volumes of ice-cold PBS to remove ethanol.
After the final wash, the beads are resuspended in
an equal volume of PBS (and so this is called ‘50%
beads’).
12. Add 1 ml of 50% glutathione–sepharose-4B beads to
the supernatant from Step 10 and incubate at room
temperature for 1 h with agitation.
13. Recover the beads by centrifugation at 500 g for 5 min
at 4◦C.
14. Wash the beads ere three times with 10ml PBS contain-
ing DTT, PMSF and proteinase inhibitors (1 µg ml−1 le-
upeptin and 1 µg ml−1 pepstatin) at 4◦C. Sometimes, in
order to decrease the contamination from bacterial pro-
teins, we washed the beads more than six times and the
proteinase inhibitors were only used in the last wash-
ing to reduce the cost.
15. Resuspend the beads in an equal volume of PBS and
store at 4◦C. We have stored glutathione–sepharose-4B
beads bound to GST-fusion protein for more than six
months and found no loss of protein activity in terms
of hormone binding. Alternatively, the beads can be
stored at −70◦C for a longer period. We therefore do
not suggest eluting the protein from the beads at this
point. Instead, we usually elute the protein just before
the use. In this application, however, beads bound to
the GST–ER fusion protein are ready for the pull-down
assay without further processing.
16. The protein concentration can be determined using the
BCA method (BCA Protein Analysis Reagents; Pierce).
However, this gives a total protein concentration and,
usually, a significant proportion of the protein bound
to the beads is the degraded products. To have the best
knowledge of the purified GST-fusion protein, we anal-
yse it by SDS-PAGE. Briefly, we mix 10 µl of beads with
an equal amount of 2× SDS sample buffer and boil it
for 2–5 min. Then, we load it onto an SDS-PAGE gel
and run and stain according to the standard protocol
(Ref. 5). A good product should contain high propor-
tion of full-length GST-fusion protein.
Notes
1. During the preparation of GST–ER fusion protein
bound to the glutathione–sepharose-4B beads, we
usually also prepare glutathione–sepharose-4B beads
bound just to the GST protein, which is not only one
of the negative controls in most of our experiments but
is also used to absorb the nonspecific binding proteins
from the cell lysate.
2. If a large amount of GST-fusion protein is not needed,
we collect the small amount of bacterial culture pro-
duced by the third day of this protocol for the
purification of GST-fusion protein using 50–100 µl
glutathione–sepharose-4B beads.
Preparing yeast-cell lysate
1. The establishment of a yeast strain expressing the
GAL4-TA–ER fusion protein is carried out according to
the standard method (Ref. 7).
2. Pick a single colony from the nutrition selection plate
and culture it overnight in 5 ml synthetic medium. At
the same time, the wild-type strain Y190 should also
be grown for the preparation of the negative-control
lysate.
3. Collect yeast cells using the glass-bead-vortexing
method for 2min in ice-cold lysis buffer [150mMNaCl,
10 mM Tris-HCl pH 7.4, 1 mM EDTA, 1 mM PMSF, 1
mM DTT, proteinase inhibitors (1 µg ml−1 leupeptin
and 1 µg ml−1 pepstatin), 10% glycerol, 1% NP-40] as
suggested by the standard protocol (Ref. 7). In fact, NP-
40 is not necessary at this step when the yeast cells are
disrupted by a mechanical method but we used it be-
cause we found that the pulling-down usually gives a
much lower background in the presence of NP-40.
4. Spin the lysate at 14 000 g at 4◦C for 10 min and col-
lect the supernatant. The protein concentration can be
determined using the BCA method. This lysate can be
stored at −70◦C for a very long time.
Preparing a COS-1 cell lysate
1. Culture COS-1 cells to about 80% of confluence on a
100-mm culture dish.
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2. Transfect the cells with the pcDNA3.1–GAL4-TA–ER
fusion-expression vector. To prepare the negative-
control lysate, we transfected the cells with the empty
p cDNA 3.1 (Invitrogen) expression vector.
3. After 48 h, rinse the cells with ice-cold PBS twice and
lyse the cell directly on the dish with 1 ml of ice-cold
lysis buffer [150 mM NaCl, 10 mM Tris pH 7.4, 1 mM
EDTA, 1 mM PMSF, 1 mM DTT, proteinase inhibitors
(1 µg ml−1 leupeptin and 1 µg ml−1 pepstatin), 10%
glycerol, 1% NP-40].
4. Maintain constant agitation for 5 min at 4◦C. Scrape
the cells from the dish and collect them in a 1.5 ml
microcentrifuge tube. After vortexing for a few sec-
onds, centrifuge the mixture at 14 000 g at 4◦C for
10 min and collect the supernatant. This is the to-
tal cell lysate. The protein concentration can be de-
termined using the BCA method. Store the lysate at
−70◦C.
The pulling-down assay using a GST-fusion protein
1. Preclearing. To a 1.5mlmicrocentrifuge tube, add 30 µl
of glutathione–sepharose-4B-bead-bound GST [about
50 µg; GST can usually be highly expressed in E. coli
and the concentration could be up to 2 (mg protein)
(ml beads)−1 after purification] and 300 µl total lysate
(about 500 µg total protein). When COS-1 cell lysate
is used, we prefer to use less protein (i.e. 200–300 µg
total protein) because we have found that the target
protein is usually expressed at a higher level in COS-1
cells than in yeast. Mix by vortexing and incubate the
mixture at 4◦C for 2–4 hours with agitation.
2. Collect the supernatant by centrifugation at 500 g
at 4◦C for 2 min. The pellet (glutathione–sepharose-
4B-bead-bound GST protein) will have absorbed some
nonspecifically binding proteins and can be washed
four times with 1 ml lysis buffer and used as a negative
control in the Western blotting (below).
3. Add 10–20 µl glutathione–sepharose-4B beads bound
to GST–ER fusion protein or GST into the above pre-
cleared lysate; this is equivalent to about 1 µg protein.
(The concentration of the GST fusion on the beads is
usually 1–5 mg ml−1 but the full-length protein can be
much less than that. In our case, the concentration of
full-length GST-fusion protein is about 0.1 mg ml−1 as
estimated by SDS-PAGE.) Mix by vortexing and incu-
bate the mixture with agitation for 2–4 h at 4◦C. The
controls should be prepared at the same time. In or-
der to obtain a conclusive result, we prefer the follow-
ing reaction groups. (Most of these reaction groups are
negative controls aimed at eliminating the potential
absorbency by GST or glutathione–sepharose-4B beads
alone.)
A GST-bound glutathione–sepharose-4B beads + lysis
buffer.
B GST-bound glutathione–sepharose-4B beads + the
lysate of the wild-type strain Y190 (or of cells trans-
fected with empty pcDNA3.1 vector).
C GST-bound glutathione–sepharose-4B beads + the
lysate of Y190 expressing GAL4-TA–ER (or of
cells transfected with the pcDNA3.1–ER expression
vector).
D GST–ER fusion protein bound to glutathione–
sepharose-4B beads + lysis buffer.
E GST–ER fusion protein bound to glutathione–
sepharose-4B beads + the lysate of Y190 (or of cells
transfected with empty pcDNA3.1 vector).
F GST–ER fusion protein bound to glutathione–
sepharose-4B beads + the lysate of Y190 express-
ing GAL4-TA–ER (or of cells transfected with the
pcDNA3.1–ER expression vector).
The GST beads contain more than ten times the amount of
protein as the GST-fusion-protein beads. This might be
a concern in some cases but we found that it did not af-
fect our experiment because GST appears to have a very
low affinity for the proteins in the cell lysate. Instead,
glutathione–sepharose-4B beads themselves absorb a
significant amount of proteins from the cell lysate. We
therefore prefer to use same amount of beads in all re-
action groups.
4. Collect the supernatant by centrifugation at 500 g at
4◦C for 2 min. Wash the pellet (glutathione–sepharose-
4B beads bound to the GST–ER fusion protein and to
GST) four times with 1 ml lysate buffer.
5. In a microcentrifuge tube, mix 10 µl of the washed
glutathione–sepharose-4B beads with 10–20 µl of 2×
SDS-PAGE sample buffer. Boil the mixture for 2–5 min
and centrifuge at 14 000 g for 1 min.
6. Apply the clear samples onto a SDS-PAGE gel and elec-
trophorese, then transfer to PVDF membrane (Milli-
pore). TheseWestern-blot procedures are performed ac-
cording to the standard protocol (Ref. 5).
7. Probe the PVDF membrane with anti-HA antibodies
(Santa Cruz) or anti-GAL4 antibody (Clontech) and
visualize using the ECL Western Blotting Analysis Sys-
tem (Amersham Pharmacia Biotech).
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pACT2: pACT2 from Clontech Inc
Triton X-100: Triton X-100 from Stratagene
triton X-100: triton X-100 from Promega Corpora-
tion
PVDF membrane: PVDF membrane from Milli-
pore Corporation
ECL: ECL from Amersham Pharmacia Biotech
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